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(57) ABSTRACT

A transceiving apparatus may comprise a radiator emitting a
beam; a receiver receiving a beam; a first sub-reflector
which 1s provided to face the radiator and changes an orbital
angular momentum (OAM) mode order of a beam; a second
sub-reflector which 1s provided to face the receiver and
changes an OAM mode order of a beam differently from the
first sub-retlector; and a main retlector which 1s provided to

face the first sub-reflector and the second sub-reflector.
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FIG. 6
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TRANSCEIVER IN WIRELESS
COMMUNICATION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Korean Patent Appli-
cation No. 10-2017-0053484 filed on Apr. 26, 2017 1n the
Korean Intellectual Property Oflice (KIPO), the entire con-
tents of which are hereby incorporated by reference.

BACKGROUND
1. Technical Field

The present disclosure relates to a transcerving apparatus,
and more specifically, to a transceiving apparatus which can
reduce 1nterferences between transmission signals and
reception signals 1n a full duplex scheme based communi-
cation system.

2. Related Art

As mobile communication devices are distributed, the
number of Internet accesses of the mobile devices surpassed
the number of Internet accesses of personal computers
(PCs), and most of the total number of Internet accesses now
occur 1n the mobile devices. As the wireless communication
environment 1s activated, the traflic volume of smart phones
1s steadily increasing. Accordingly, various technologies that
can increase the communication capacity have been devel-
oped.

Time division multiplexing (TDM), frequency division
multiplexing (FDM), and code division multiplexing (CDM)
are used as a multiplexing scheme for increasing the com-
munication capacity. Recently, a study on a multiplexing
scheme using an orbital angular momentum (OAM) has
been conducted to increase the communication capacity. The
OAM 1s a physical property of a beam determined by a
wavelront shape of the beam. A transmitting end can trans-
mit different data through beams having different OAMs,
thereby increasing the data transmission capacity. Also, a
receiving end can selectively recover a beam having a
specific OAM to recover the data.

In a full duplex scheme, since transmission and reception
ol signals are performed at the same time, the communica-
tion capacity can be doubled compared to the conventional
communication scheme. However, there 1s a problem that 1in
the full duplex scheme, transmission signals of a transceiver
interfere with reception signals, thereby deteriorating com-
munication quality.

SUMMARY

Accordingly, embodiments of the present disclosure pro-
vide a transce1ving apparatus which can reduce interferences
between a transmission signal and a reception signal by
controlling OAM modes of the transmission signal and the
reception signal in a full duplexing scheme based commu-
nication system.

In order to achieve the objective of the present disclosure,
a franscerving apparatus may comprise a radiator emitting a
beam; a recerver receiving a beam; a first sub-reflector
which 1s provided to face the radiator and changes an orbital
angular momentum (OAM) mode order of a beam; a second
sub-reflector which 1s provided to face the receiver and
changes an OAM mode order of a beam differently from the
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2

first sub-reflector; and a main reflector which 1s provided to
face the first sub-reflector and the second sub-reflector.

The first sub-reflector may decrease an OAM mode order

of a beam, and the second sub-reflector may increase an
OAM mode order of a beam.

The radiator may include a first mode conversion unit
increasing an OAM mode order of the beam emitted by the
radiator, and the receiver may include a second mode
conversion unit decreasing an OAM mode order of the beam
incident on the recetver.

The sub-reflector may increase an OAM mode order of a
beam, and the second sub-reflector may decrease an OAM
mode order of a beam.

The radiator may include a first mode conversion unit
decreasing an OAM mode order of the beam emitted by the
radiator, and the receiver may include a second mode
conversion unit increasing an OAM mode order of the beam
incident on the recetver.

The main reflector may include at least one first patch
clement increasing an OAM mode order of a beam reflected
at the main reflector, and at least one second patch element
decreasing an OAM mode order of the beam reflected at the
main reflector.

The first sub-reflector may decrease an OAM mode order
of a beam reflected at the first sub-reflector, and the second
sub-reflector may increase an OAM mode order of a beam
reflected at the second sub-retlector.

The first sub-reflector may increase an OAM mode order
of a beam reflected at the first sub-reflector, and the second
sub-reflector may decrease an OAM mode order of a beam
reflected at the second sub-reflector.

In order to achieve the objective of the present disclosure,
a transceiving apparatus may comprise a radiator which
emits a beam and includes a first mode conversion unit
changing an orbital angular momentum (OAM) mode order
of the emitted beam; a receiver which receives a beam and
includes a second mode conversion unit changing an OAM
mode order of the recerved beam; a sub-retlector provided to
face the radiator and the receiver; and a main reflector
provided to face the sub-reflector, wherein at least one of the
main reflector and the sub-retlector changes the OAM mode
orders of the beams so that a beam incident on the main
reflector from an outside of the transceiving apparatus has a
different OAM mode order with the beam emitted by the
radiator after being reflected at the sub-reflector.

The first mode conversion unit may increase the OAM
mode order of the beam emitted by the radiator, the sub-
reflector may decrease the OAM mode order of the beam
reflected at the sub-retlector, and the second mode conver-
sion unit may increase the OAM mode order of the beam
incident on the receiver.

The first mode conversion unit may decrease the OAM
mode order of the beam emitted by the radiator, the sub-
reflector may increase the OAM mode order of the beam
reflected at the sub-retlector, and the second mode conver-
sion unit may decrease the OAM mode order of the beam
incident on the receiver.

The first mode conversion unit may increase the OAM
mode order of the beam emitted by the radiator, the main
reflector may decrease the OAM mode order of the beam
reflected at the main reflector, and the second mode con-
version unit may increase the OAM mode order of the beam
incident on the receiver.

The first mode conversion unit may decrease the OAM
mode order of the beam emitted by the radiator, the main
reflector may increase the OAM mode order of the beam
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reflected at the main reflector, and the second mode con-
version unit may decrease the OAM mode order of the beam
incident on the receiver.

At least one of the main reflector and the sub-retflector
may nclude at least one first patch element increasing an
OAM mode order of a beam, and at least one second patch
clement decreasing an OAM mode order of a beam.

In order to achieve the objective of the present disclosure,
a transceiving apparatus may comprise a radiator which
emits a beam and includes a first mode conversion unit
changing an orbital angular momentum (OAM) mode order
of the emitted beam; a receiver which receives a beam and
includes a second mode conversion unit changing an OAM
mode order of the received beam; and a retlector provided to
face the radiator and the receiver, wherein a beam incident
on the reflector from an outside of the transceiving apparatus
has a different OAM mode order with the beam emitted by
the radiator after being retlected at the reflector.

The first mode conversion unit may increase the OAM
mode order of the beam emitted by the radiator, the reflector
may decrease the OAM mode order of the beam reflected at
the reflector, and the second mode conversion unit may
increase the OAM mode order of the beam incident on the
receiver.

The first mode conversion unit may decrease the OAM
mode order of the beam emitted by the radiator, the reflector
may increase the OAM mode order of the beam reflected at
the retlector, and the second mode conversion unit may
decrease the OAM mode order of the beam incident on the
receiver.

The retlector may include at least one first patch element
increasing an OAM mode order of a beam retlected at the
reflector, and at least one second patch element decreasing,
an OAM mode order of a beam reflected at the retflector.

The first mode conversion unit may increase the OAM
mode order of the beam emitted by the radiator.

The first mode conversion unit may decrease the OAM
mode order of the beam emitted by the radiator.

According to the above-described embodiments, orthogo-
nality between beams can be ensured by using the OAM
mode of the beams. Through this, 1n a full duplex environ-
ment, interference eflect between the beams emitted from
the radiator and the beams received from the outside can be
remarkably reduced.

BRIEF DESCRIPTION OF DRAWINGS

Embodiments of the present disclosure will become more
apparent by describing in detail embodiments of the present
disclosure with reference to the accompanying drawings, 1n
which:

FIG. 1 1s a conceptual diagram 1llustrating a conventional
transceiver supporting a full duplex scheme;

FIG. 2 1s a conceptual diagram illustrating a beam wave-
front for each OAM mode of a beam:;

FIG. 3 1s a conceptual diagram 1illustrating a method of
configuring an OAM mode of a beam;

FIG. 4 1s a conceptual diagram illustrating a transceiver
according to a first embodiment of the present disclosure;

FIG. 5 1s a conceptual diagram explaining a principle of
suppressing interference eflects in the transceiver shown 1n
FIG. 4;

FIG. 6 1s a conceptual diagram illustrating a transceiver
according to a second embodiment of the present disclosure;

FIG. 7 1s a conceptual diagram illustrating a transceiver
according to a third embodiment of the present disclosure;
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FIG. 8 1s a conceptual diagram illustrating a transceiver
according to a fourth embodiment of the present disclosure;

FIG. 9 1s a conceptual diagram illustrating a transceiver
according to a fifth embodiment of the present disclosure;

FIG. 10 1s a conceptual diagram 1llustrating a transceiver
according to a sixth embodiment of the present disclosure;

FIG. 11 1s a conceptual diagram 1illustrating a transceiver
according to a seventh embodiment of the present disclo-
Sure;

FIG. 12 15 a conceptual diagram 1illustrating a transceiver
according to an eighth embodiment of the present disclo-
SUre;

FIG. 13 15 a conceptual diagram 1illustrating a transceiver
according to a ninth embodiment of the present disclosure;

FIG. 14 1s a conceptual diagram 1llustrating a transceiver
according to a tenth embodiment of the present disclosure;

FIG. 15 1s a conceptual diagram 1llustrating a transceiver
according to an eleventh embodiment of the present disclo-
Sure;

FIG. 16 1s a conceptual diagram 1llustrating a transceiver
according to a twelith embodiment of the present disclosure;

FIG. 17 1s a conceptual diagram 1illustrating a transceiver
according to a thirteenth embodiment of the present disclo-
sure; and

FIG. 18 15 a conceptual diagram 1illustrating a transceiver
according to a fourteenth embodiment of the present disclo-
sure.

DETAILED DESCRIPTION

Embodiments of the present disclosure are disclosed
herein. However, specific structural and functional details
disclosed herein are merely representative for purposes of
describing embodiments of the present disclosure, however,
embodiments of the present disclosure may be embodied 1n
many alternate forms and should not be construed as limited
to embodiments of the present disclosure set forth herein.

Accordingly, while the present disclosure 1s susceptible to
vartous modifications and alternative forms, specific
embodiments thereol are shown by way of example 1 the
drawings and will herein be described 1n detail. It should be
understood, however, that there 1s no intent to limit the
present disclosure to the particular forms disclosed, but on
the contrary, the present disclosure 1s to cover all modifi-
cations, equivalents, and alternatives falling within the spirit
and scope of the present disclosure. Like numbers refer to
like elements throughout the description of the figures.

It will be understood that, although the terms first, second,
etc. may be used herein to describe various elements, these
clements should not be limited by these terms. These terms
are only used to distinguish one element from another. For
example, a first element could be termed a second element,
and, similarly, a second element could be termed a first
clement, without departing from the scope of the present
disclosure. As used herein, the term “and/or” includes any
and all combinations of one or more of the associated listed
items.

It will be understood that when an element i1s referred to
as being “connected” or “coupled” to another element, 1t can
be directly connected or coupled to the other element or
intervening elements may be present. In contrast, when an
clement 1s referred to as being “directly connected” or
“directly coupled” to another element, there are no inter-
vening elements present. Other words used to describe the
relationship between elements should be interpreted 1n a like
fashion (1.e., “between” versus “directly between,” “adja-
cent” versus “directly adjacent,” etc.).
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The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not intended to be
limiting of the present disclosure. As used herein, the
singular forms “a,” “an” and “the” are intended to include
the plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms
“comprises,” “comprising,” “includes” and/or “including,”
when used herein, specily the presence of stated features,
integers, steps, operations, elements, and/or components, but
do not preclude the presence or addition of one or more other
features, 1ntegers, steps, operations, elements, components,
and/or groups thereof.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this present disclosure belongs. It will be further
understood that terms, such as those defined 1n commonly
used dictionaries, should be interpreted as having a meaning,
that 1s consistent with theirr meaning 1n the context of the
relevant art and will not be interpreted in an 1dealized or
overly formal sense unless expressly so defined herein.

Hereinafter, embodiments of the present disclosure will
be described 1n greater detail with reference to the accom-
panying drawings. In order to facilitate a thorough under-
standing of the present disclosure, the same reference
numerals are used for the same constituent elements 1n the
drawings and redundant explanations for the same constitu-
ent elements are omitted.

FIG. 1 1s a conceptual diagram 1llustrating a conventional
transceiver supporting a full duplex scheme.

Referring to FIG. 1, the transceiver may include a first
transmission antenna 4, a second transmission antenna 6,
and a reception antenna 3. The first transmit antenna 4 and
the second transmit antenna 6 may emit respective beams. A
signal applied through an mput port 1 may be transmitted to
a power distributor 3. The power distributor 3 may divide the
signal applied through the 1nput port 1 mto two signals, and
transmit the divided signals to the first transmission antenna
4 and the second transmission antenna 6. The beams emitted
by the first transmit antenna 4 and the second transmit
antenna 6 may be received at another transceiver.

The reception antenna 5 may receive beams transmitted
by other transceivers. Also, a portion of the beams emitted
from the first transmission antenna 4 and the second trans-
mission antenna 6 may be incident on the reception antenna
5. The reception antenna 5 may be closer to the first
transmitting antenna 4 and the second transmitting antenna
6 than other transceivers. Therefore, at the position where
the reception antenna 3 1s located, the intensity of the beams
emitted from the first transmission antenna 4 and the second
transmission antenna 6 may be relatively strong. Therelore,
it 1s necessary to oflset the beam emitted from the first
transmission antenna 4 and the beam emitted from the
second transmission antenna 6 at the position where the
reception antenna 5 1s located.

For example, when a distance between the first transmis-
sion antenna 4 and the reception antenna S 1s D, a distance
between the second transmission antenna 6 and the reception
antenna 5 may be D+A/2. Here, A denotes a center wave-
length of the beam emitted by the first transmission antenna
4 and the beam emitted by the second transmission antenna
6. If the first transmission antenna 4, the reception antenna
5, and the second transmission antenna 6 are arranged as
illustrated 1n FIG. 1, the beam emitted from the first trans-
mission antenna 4 and the beam emitted from the second
transmission antenna 6 can be oflset from each other at the
position where the reception antenna 3 1s located.
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In the case of the transceiver illustrated 1in FIG. 1, two or
more transmission antennas (e.g., 4 and 6) should be used,
and the distance between the transmission antennas 4 and 6
and the reception antenna S may afl

ect signal interferences.
Therefore, there are many restrictions on the arrangement of
antennas 1n the transceiver. Also, since the wavelength 1s
short in the millimeter wave band, 1t may be dithicult to
arrange the antennas according to the desired requirements.

In the present disclosure, beams emitted from radiators of
the transceiver and beams 1ncident on a main reflector from
the outside may have different orbital angular momentum
(OAM) modes to be incident on a receiver, thereby allevi-
ating interference eflects between the beams. The OAM of
the beam 1s a physical property of the beam determined by
the shape of the beam’s wavelront. Hereinatter, the OAM of
the beam will be described.

FIG. 2 1s a conceptual diagram 1llustrating a beam wave-
front for each OAM mode of a beam.

Referring to FIG. 2, when the OAM of the beam 1s
changed, the wavelront of the beam may be changed. For
example, in case of a 0 order mode (i.e., m=0) in which the
OAM of the beam 1s zero, the wavelront of the beam may
be a plane perpendicular to a traveling direction of the beam.
That 1s, the beam phase may be the same in a cross section
of the beam. On the other hand, 1n case that the beam’s OAM
mode order 1s not zero, the wavelront of the beam may be
a spiral that rotates with respect to the beam’s traveling
direction. Depending on the OAM mode order of the beam,
the wavelront shape of the beam may be varied. Also, the
rotational direction of the spiral shape may be diflerent
depending on a sign of the OAM mode order of the beam.
For example, 11 the OAM mode order of the beam 1s a
positive value (e.g., m=+1 or +2), the wavelront of the beam
may rotate clockwise with respect to the traveling direction
of the beam. When the OAM mode order of the beam 1s a
negative value (e.g., m=-1 or —2), the wavetront of the beam
may rotate counterclockwise with respect to the traveling
direction of the beam.

FIG. 3 1s a conceptual diagram illustrating a method of
configuring an OAM mode of a beam.

Reterring to FIG. 3, the OAM mode of the beam may be
configured by changing the phases of the beams emitted
from sub-radiators. For example, by making the phases of
the beams emitted from the sub-radiators 21, 22, 23, and 24
different by 90 degrees 1n the clockwise direction, a beam
having a —1st order OAM mode may be formed. As another
example, by making the phases of the beams emitted from
the sub-radiators 25, 26, 27, and 28 diflerent by 90 degrees
in the counterclockwise direction, a beam having a +1st
order OAM mode may be formed.

FIG. 4 1s a conceptual diagram illustrating a transceiver
according to a first embodiment of the present disclosure.

Referring to FIG. 4, the transcerver may include a radiator
110, a receiver 120, a first sub-reflector 132, a second
sub-reflector 134, and a main reflector 140. In FIG. 4, shapes
of the main reflector 140, the first sub-reflector 132, and the
second sub-reflector 134 are curved, but the embodiment 1s
not limited thereto. For example, when microstrip patches
are arranged on the main reflector 140, the first sub-reflector
132, and the second sub-reflector 134 to adjust traveling
directions of reflected beams, the main reflector 140, the first
sub-reflector 132, and the second sub-reflector 134 may also
be designed 1n a flat plate shape.

The radiator 110 may emit a beam. The radiator 110 may
include a first mode conversion unit 112 and a first trans-
mission unit 114. The first mode conversion unit 112 may
receive a beam and change the OAM mode order of the
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beam. For example, the first mode conversion unit 112 may
receive a Oth order mode beam. The Oth order mode beam
may be a beam modulated to include data information
transmitted by the transceiver. The first mode conversion
unit 112 may change the Oth order mode beam to a +1st order
mode.

In a first example, the first mode conversion unit 112 may
comprise a spiral phase plate (SPP). The spiral phase plate
1s made of birefringent crystal, and steps may be formed on
passing surfaces of the beam. The SPP may change the
OAM mode order of the beam by changing the phase of the
beam according to the passing position of the beam. In a
second example, the first mode conversion unit 112 may
include a pitch-fork hologram. The pitch-fork hologram may
change the OAM mode order of the beam by changing the
phase of the beam by interference of the beam. The embodi-
ment of the first mode conversion unit 112 1s not limited to
the examples described above. For example, the first mode
conversion unit 112 may include a Q-plate or a crystal mode
converter or the like.

The beam whose OAM mode order i1s changed in the first
mode conversion unit 112 may be emitted toward the first
sub-reflector 132 via the first transmission unit 114. The
beam emitted 1n the first transmission unit 114 may become
the +1st order mode beam. The 1st order mode beam may be
reflected at the first sub-retlector 132. The first sub-retlector
132 may change the OAM mode order of the beam reflected
at the first sub-reflector 132. For example, steps may be
formed on the reflecting surface of the first sub-reflector 132.
The phase of the beam retlected at the first sub-reflector 132
may change as the steps are formed on the reflecting surface
ol the first sub-retlector 132. The OAM mode order of the
beam retlected at the first sub-retlector 132 may be changed
while the phase of the beam reflected at the first sub-reflector
132 1s changed. As another example, the first sub-retlector
132 may comprise at least one patch element that changes
the phase of the beam. The at least one patch element may
change the phase of the beam reflected at the first sub-
reflector 132 to change the OAM mode order of the beam.

The first sub-reflector 132 may change the OAM mode
order of the beam retlected at the first sub-reflector 132 by
—1. Accordingly, the 1st order mode beam emitted by the
radiator 110 may become a Oth order mode beam after being
reflected at the first sub-reflector 132. The beam may be
reflected at the first sub-reflector 132 and then reflected at
the main reflector 140 and transmitted to another transceiver.
As a result, the transceiver can transmit the Oth order mode
beam.

A beam transmitted from the outside to the transceiver
may be incident on the main reflector 140. The beam
reflected at the main reflector 140 may be retlected at the
second sub-reflector 134 and then incident on the receiver
120. The second sub-reflector 134 may change the OAM
mode order of the beam retlected at the second sub-retlector
134. For example, steps may be formed on the reflecting
surface of the second sub reflector 134. As another example,
the second sub-retlector 134 may include at least one patch
clement that changes the phase of the beam.

The second sub-reflector 134 may change the OAM mode
order of the beam differently from the first sub-reflector 132.
For example, the second sub-retlector 134 may change the
OAM mode order of the beam reflected at the second
sub-reflector 134 by +1. The Oth order mode beam retflected
at the main reflector 140 may become a 1st order mode beam
alter being reflected at the second sub-reflector 134. The
beam reflected at the second sub-reflector 134 may be
incident on the receiver 120.
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The recetver 120 may include a second beam transier unit
124 and a second mode conversion unit 122. The second
beam transier unit 124 may transfer the beam incident on the
second beam transfer unit 124 to the second mode conver-
sion unit 122. The second mode conversion unit 122 may
include a SPP or a pitch-fork hologram. The embodiment of
the second mode conversion unit 122 is not limited to the
above-described examples. For example, the second mode
conversion unit 122 may iclude a Q-plate or a crystal mode
converter or the like.

The second mode conversion unit 122 may change the
OAM mode order of the beam transferred to the second
mode conversion unit 122 by -1. For example, the +1st
order mode beam reflected at the second sub-reflector 134
may become a Oth order mode beam at the second mode
conversion unit 122 via the second beam transfer unit 124.
That 1s, the Oth order mode beam incident on the main
reflector 140 of the transceiver may be returned to the Oth
order mode beam from the recerver 120 again. The receiver
can demodulate the Oth order mode beam and verily the
data.

FIG. 5 1s a conceptual diagram explaining a principle of
suppressing interference eflects in the transceiver shown 1n
FIG. 4.

Referring to FIG. 5, the beam emitted from the radiator
110 and the beam incident from the outside to the main
reflector 140 may be incident on the receiver 120 with
different OAMs. For example, the +1st order mode beam
emitted by the radiator 110 may be retflected at the first
sub-reflector 132 and then enter the receiver 120 as the Oth
order mode beam. The +1st order mode beam emitted by the
radiator 110 may be reflected at the second sub-retlector 134
and then enter the receiver 120 as a +2st order mode beam.
On the other hand, the Oth order mode beam incident from
the outside to the main retlector 140 may be retlected at the
second sub-reflector 134 and then enter the receiver 120 as
a +1st order mode beam.

When the beam emitted from the radiator 110 and the
beam incident from the outside to the main reflector 140 are
incident on the receiver 120 with different OAM modes,
orthogonality between the beams may be ensured. The
transceiver can selectively detect only the Oth order mode
beam among the beams that have passed through the second
mode conversion unit 122. Therefore, even 1f the beam
received from the outside and the beam emitted from the
radiator 110 enter the receiver 120 together, the iterference
cllect between the beams can be reduced by utilizing the
orthogonality between the beams.

Although FIGS. 4 and 5 show an example 1n which the
OAM mode orders of the beams are changed, the embodi-
ment 1s not limited thereto. The OAM mode order of the
beam may be changed in a different manner. For example,
the first mode conversion unit 112 of the radiator 110 may
increase the OAM mode order of the beam by n. Here, n 1s
an arbitrary natural number. Then, the first sub-reflector 132
may decrease the OAM mode order of the beam by n.
Therefore, the beam emitted from the radiator 110 may have
the same OAM mode order as being incident on the first
mode conversion unit 112 after being reflected at the main
reflector 140.

On the other hand, the second sub-reflector 134 may
increase the OAM mode order of the beam by m. Here, m
1s an arbitrary natural number. The second mode conversion
unit 122 of the receiver 120 may decrease the OAM mode
order of the beam by m. Thus, the beam incident from the
outside to the main reflector 130 may have the same OAM
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mode order as that before being reflected at the second
sub-reflector 132 after passing through the second mode
conversion unit 122.

FIGS. 4 and 5 illustratively show that the first sub-
reflector 132 decreases the OAM mode order and the second >
sub-reflector 134 increases the OAM mode order, but vice
versa.

FIG. 6 1s a conceptual diagram illustrating a transceiver
according to a second embodiment of the present disclosure.
In the following description of the embodiment of FIG. 6,
description redundant with that of FIG. 4 will be omutted.

Referring to FIG. 6, the first mode conversion umt 112
may decrease the OAM mode order of the beam. The first
mode conversion unit 112 may change the OAM mode order
of the beam by —1. When a Oth order mode beam 1s 1nput to
the first mode conversion unit 112, the radiator 110 may emit
a —1st order mode beam. The first sub-reflector 132 may
increase the OAM mode order of the beam. The first
sub-reflector 132 may change the OAM mode order of the 3¢
beam by +1. The —1st order mode beam, which 1s emitted by
the radiator 110, may become a Oth order mode beam after
being retlected at the first sub-reflector 132. As a result, the
transceiver can transmit the Oth order mode beam to the
outside. 25

The second mode conversion unit 122 may increase the
OAM mode order of the beam. The second mode conversion
unit 122 may change the OAM mode order of the beam by
+1. The second sub-reflector 134 may decrease the OAM
mode order of the beam. The second sub-reflector 134 may 30
change the OAM mode order of the beam by —1. The Oth
order mode beam incident from the outside to the main
reflector 140 may be reflected at the second sub-reflector
134 to become a -1st order mode beam. The +1st order
mode beam incident on the receiver 120 may pass through 35
the second mode conversion unit 122 and become a Oth
order mode beam.

The example of mode conversions shown in FIG. 6 1s
merely an example, and the embodiment i1s not limited
thereto. The OAM mode order of the beam may be changed 40
in a different manner. For example, the first mode conversion
unit 112 of the radiator 110 may reduce the beam’s OAM
mode order by n. Here, n 1s an arbitrary natural number. The
first sub-reflector 132 may increase the OAM mode order of
the beam by n. Therefore, the beam emitted from the radiator 45
110 may have the same OAM mode order as reflected at the
main reflector 140 and then incident on the first mode
conversion unit 112.

On the other hand, the second sub-reflector 134 may
decrease the OAM mode order of the beam by m. Here, m 50
1s an arbitrary natural number. The second mode conversion
unit 122 of the receiver 120 may increase the OAM mode
order of the beam by m. Thus, the beam incident from the
outside to the main reflector 130 may have the same OAM
mode order as that before being reflected at the second 55
sub-retlector 132 after passing through the second mode
conversion unit 122.

FIG. 7 1s a conceptual diagram illustrating a transceiver
according to a third embodiment of the present disclosure.

Referring to FIG. 7, the main reflector 240 may include at 60
least one {first patch element that increases the OAM mode
order of the beam and at least one second patch element that
reduces the OAM mode order of the beam. The main
reflector 240 includes a plurality of first patch elements and
a plurality of second patch elements. The first patch ele- 65
ments and the second patch elements may be arranged on the
reflecting surface of the main reflector 240. Accordingly,
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OAM mode orders of some of the beams reflected at the
main reflector 240 may be increased, and those of the other
beams may be decreased.

The first sub-reflector 232 may increase the OAM mode
order of the beam reflected at the first sub-reflector 232. For
example, the first sub-reflector 232 may change the OAM
mode order of the beam by +1. The Oth order mode beam
emitted by the emitter 210 may become a 1st order mode
beam after being reflected at the first sub-retlector 232. The
1st order mode beam reflected at the first sub-reflector 232
may be reflected at the main reflector 240, and then a portion
of the beam may be the Oth order mode beam and the other
portion may be the 2nd order mode beam. In a side of
receiving the signal transmitted by the transceirver, the Oth
order mode beam can be selectively detected and the data
transmitted by the transceiver can be demodulated.

The second sub-reflector 234 may decrease the OAM
mode order of the beam reflected at the second sub-retlector
234. For example, the second sub-reflector 234 may change
the OAM mode order of the beam by —1. A portion of the Oth
order mode beam incident on the main reflector 240 may
become a 1st order mode beam, and the other portion of 1t
may be a —1st order mode beam. The 1st order mode beam
may become a Oth order mode beam aiter being retlected at
the secondary sub-reflector 234. The —1st order mode beam
may be a —2nd order mode beam after being retlected at the
second sub retlector 234. The transceiver can selectively
detect the Oth order mode beam incident on the recerver 220
and demodulate data receirved from the outside.

A portion of the beam emaitted by the radiator 210 may be
reflected at the first sub-retlector 232 and then be incident on
the receiver 220 as a 1st order mode beam. The other portion
of the beam emitted by the radiator 210 may be reflected at
the second sub-retlector 234 and then become a —1st mode
beam, and may be incident on the receiver 220. In any case,
since the beam emitted by the radiator 210 1s incident on the
receiver 220 1n a mode different from the Oth order mode
beam, the interference eflect of the beams can be reduced.

The example of mode conversions shown 1 FIG. 7 1s
merely an example, and the embodiment 1s not limited
thereto. The OAM mode order of the beam may be changed
in a different manner. For example, the main reflector 240
may include at least one first patch element for increasing
the beam’s OAM mode order by n and at least one second
patch element for reducing the beam’s OAM mode order by
m. Here, n and m are arbitrary natural numbers. The first
sub-reflector 232 may increase the OAM mode order of the
beam by m. The second sub-reflector 234 may reduce the
OAM mode order of the beam by n.

Although FIG. 7 shows an example 1 which the first
sub-reflector 232 increases the OAM mode order of the
beam and the second sub-reflector 234 decreases the OAM
mode order of the beam, the embodiment 1s not limited
thereto. The opposite 1s also possible.

FIG. 8 1s a conceptual diagram illustrating a transceiver
according to a fourth embodiment of the present disclosure.
In the following description of the embodiment of FIG. 8,
description redundant with that of FIG. 7 will be omitted.

The first sub-reflector 232 may decrease the OAM mode
order of the beam reflected at the first sub-reflector 232. For
example, the first sub-reflector 232 may change the OAM
mode order of the beam by —1. The Oth order mode beam
emitted by the radiator 210 may become a —1st order mode
beam after being reflected at the first sub-reflector 232. The
—1st order mode beam reflected at the first sub-reflector 232
may be reflected at the main reflector 240, and then a portion
of it may become a Oth order mode beam and the other
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portion may become a —2nd order mode beam. In a side of
receiving the signal transmitted by the transceiver, the Oth
order mode beam can be selectively detected and the data
transmitted by the transceiver can be demodulated.

The second sub-reflector 234 may increase the OAM
mode order of the beam reflected at second sub-retlector
234. For example, the second sub-reflector 234 may change
the OAM mode order of the beam by +1. Some of the Oth
order mode beam 1ncident on the main reflector 240 may be
a 1st order mode beam, and the other of 1t may be a —1st
order mode beam. The 1st order mode beam may be a 2nd
order mode beam after being reflected at the secondary
sub-retlector 234. The —1st order mode beam may be the Oth
order mode beam after being reflected at the second sub
reflector 234. The transceiver can selectively detect the Oth
order mode beam 1ncident on the recerver 220 and demodu-
late data received from the outside.

Some of the beam emitted by the radiator 210 may be
reflected at the first sub-reflector 232 and then become a —1st
order mode beam and be incident on the receiver 220. The
other portion of the beam emitted by the radiator 210 may
be reflected at the second sub-reflector 234 and then become
a 1st order mode beam and enter the recerver 220. In any
case, since the beam emitted by the radiator 210 1s mncident
on the receiver 220 1n a mode different from the Oth order
mode, the interference eflect of the beams can be reduced.

The example of the mode conversions shown 1n FIG. 8 1s
merely an example, and the embodiment 1s not limited
thereto. The OAM mode order of the beam may be changed
in a different manner. For example, the main reflector 240
may include a first patch element for increasing the beam’s
OAM mode order by n and a second patch element for
reducing the beam’s OAM mode order by m. Here, n and m
are arbitrary natural numbers. The first sub-reflector 232
may reduce the OAM mode order of the beam by n. The
second sub-reflector 234 may increase the OAM mode order
of the beam by m.

FIG. 9 1s a conceptual diagram illustrating a transceiver
according to a fifth embodiment of the present disclosure.

Referring to FIG. 9, the transceiver may include a radiator
310, a recerver 320, a sub-reflector 330, and a main reflector
340. The radiator 310 may include a first mode conversion
unit 312 and a first beam transfer unit 314. The receiver 320
may include a second mode conversion unit 322 and a
second beam transier unit 324. The sub-reflector 330 may
face the radiator 310 and the recerver 320. The main reflector
340 may be opposed to the sub-reflector 330.

The first mode conversion unit 312 may increase the
OAM mode order of the beam emitted from the radiator 310.
For example, the first mode conversion umit 312 may change
the OAM mode order of the beam by +1. Thus, the radiator
310 may emit a 1st order mode beam. The beam emitted
from the radiator 310 may be retlected at the sub-reflector
330.

The sub-reflector 330 may decrease the OAM mode order
of the beam reflected at the sub-reflector 330. For example,
the sub-retlector 330 may change the OAM mode order of
the beam by —1. The 1st order mode beam emitted by the
radiator 310 may become a Oth order mode beam after being
reflected at the sub-reflector 330. The beam emitted from the
radiator 310 may be retlected at the sub-reflector 330 and
then retlected at the main reflector 340 to be transmitted to
the outside. As a result, the transceiver can transmit the Oth
order mode beam to the outside.

The beam transmitted from the outside of the transceiver
may be incident on the main reflector 340. The beam
reflected at the main reflector 340 may be retlected at the
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sub-reflector 330. The sub-reflector 330 may reduce the
OAM mode order of the beam. For example, the beam
incident on the main reflector 340 may become a —1st order
mode beam after being retlected at the sub-retlector 330. The
—1st order mode beam reflected at the sub-reflector 330 may
be mcident on the receiver 320. The second mode conver-
sion unit 322 of the receiver 320 may increase the OAM
mode order of the beam. For example, the second mode
conversion unit 322 may change the OAM mode order of the
beam incident on the receiver 320 by +1. As a result, the Oth
order mode beam 1ncident on the main reflector 340 may be
reflected at the sub-retlector 330 and then become the Oth
order mode beam again through the second mode conversion
unit 322. The transceiver can selectively detect the Oth order
mode beam and demodulate data received from the outside.

A portion of the beam emitted from the radiator 310 may
be incident on the receiver 320. For example, a portion of the
1st order mode beams emitted by the radiator 310 may be
reflected at the sub-retlector 330 and then be incident on the
receiver 320 as a Oth order mode beam. However, the beam
incident on the main reflector 340 from the outside may be
incident on the receiver 320 as a —1st order mode beam.
Theretfore, orthogonality between the beams can be ensured.
The transceiver can selectively detect only the Oth order
mode beam among the beams that have passed through the
second mode conversion unit 322. Even i1f the beam received
from the outside and the beam emitted from the radiator 310
enter the receiver 320 together, the interference ellect
between the beams can be reduced by utilizing the orthogo-
nality between the beams.

Although FIG. 9 shows an example 1in which the sub-
reflector 330 reduces the OAM mode order of the beam, the
embodiment 1s not limited thereto.

FIG. 10 1s a conceptual diagram 1llustrating a transceiver
according to a sixth embodiment of the present disclosure.
In the following description of the embodiment of FIG. 10,
description redundant with that of FIG. 9 will be omatted.

Referring to FIG. 10, the first mode conversion unit 312
may decrease the OAM mode order of the beam emitted
from the radiator 310. For example, the first mode conver-
sion unit 312 may change the OAM mode order of the beam
by —1. The radiator 310 may emit a —1st order mode beam.
The sub-reflector 330 may increase the OAM mode order of
the beam retlected at the sub-retlector 330. The sub-retlector
330 may change the OAM mode order of the beam by +1.
The —1st order mode beam emitted by the radiator 310 may
become a Oth order mode beam after being reflected at the
sub-reflector 330. The Oth order mode beam retlected at the
sub-reflector 330 may be reflected at the main reflector 340
and then transmitted to the outside.

A beam incident from the outside to the main reflector 340
may be reflected at the sub-reflector 330 and then become a
1st order mode beam. The 1st order mode beam reflected at
the sub-retlector 330 may be incident on the receiver 320.
The second mode conversion unit 322 may reduce the OAM
mode order of the beam. For example, the second mode
conversion unit 322 may change the OAM mode order of the
beam incident on the receiver 320 by —1. The 1st order mode
beam incident on the receiver 320 may become a Oth order
mode beam after passing through the second mode conver-
sion unit 322. The transceiver can selectively demodulate
the data received from the outside by selectively detecting
the Oth order mode beam.

A portion of the -1st order mode beam emitted by the
radiator 310 may be retlected at the sub-reflector 330 and
then be incident on the receiver 320 as a Oth order mode
beam. However, the beam 1incident on the main reflector 340
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from the outside may be incident on the receiver 320 as a 1st
order mode beam. Therefore, orthogonality between the
beams can be ensured. The transceiver can selectively detect
only the Oth order mode beam among the beams that have
passed through the second mode conversion unit 322.

In FIGS. 9 and 10, the OAM mode order of the beam 1s
changed 1n the sub-reflector 330 by way of example. How-
ever, the embodiment 1s not limited thereto. For example, the
OAM mode order of the beam may be changed at the main
reflector 340. As another example, the OAM mode order of
the beam may be changed at both of the sub-reflector 330
and the main retlector 340.

FIG. 11 1s a conceptual diagram illustrating a transceiver
according to a seventh embodiment of the present disclo-
sure. In the following description of the embodiment of FIG.
11, description redundant with that of FIG. 9 will be omitted.

Referring to FIG. 11, the first mode conversion unit 312
may increase the OAM mode order of the beam emitted
from the radiator 310. For example, the first mode conver-
sion unit 312 may change the OAM mode order of the beam
by +1. The radiator 310 may emit a 1st order mode beam.
The main retlector 340 may reduce the OAM mode order of
the beam reflected at the main reflector 340. The main
reflector 340 may change the OAM mode order of the beam
by —1. The 1st order mode beam emitted by the radiator 310
may be retlected at the sub-reflector 330 and then reflected
at the main retlector 340 to be a Oth order mode beam.

A Oth order mode beam 1ncident on the main reflector 340
from the outside may become a —1st order mode beam after
being retlected at the main reflector 340. The -1st order
mode beam reflected at the main reflector 340 may be
reflected at the sub-retlector 330 and then be incident on the
receiver 320. The second mode conversion unit 322 may
increase the OAM mode order of the beam. For example, the
second mode conversion unit 322 may change the OAM
mode order of the beam incident on the receiver 320 by +1.
The —1st order mode beam 1ncident on the receiver 320 may
be a Oth order mode beam while passing through the second
mode conversion unit 322. The transceiver can selectively
demodulate the data received from the outside by selectively
detecting the Oth order mode beam.

A portion of the 1st order mode beam emitted by the
radiator 310 may be retlected at the sub-reflector 330 and
then incident on the receiver 320. However, the beam
incident on the main reflector 340 from the outside may be
incident on the recetver 320 as a —1st order mode beam.
Theretore, orthogonality between the beams can be ensured.
The transceiver can selectively detect only the Oth order
mode beam among the beams that have passed through the
second mode conversion unit 322.

FI1G. 12 1s a conceptual diagram 1llustrating a transceiver
according to an eighth embodiment of the present disclo-
sure. In the following description of the embodiment of FIG.
12, description redundant with that of FIG. 11 will be
omitted.

Referring to FIG. 12, the first mode conversion umt 312
may decrease the OAM mode order of the beam emitted
from the radiator 310. For example, the first mode conver-
sion unit 312 may change the OAM mode order of the beam
by —1. The radiator 310 may emit a —1st order mode beam.
The main reflector 340 may increase the OAM mode order
ol the beam retlected at the main reflector 340. The main
reflector 340 may change the OAM mode order of the beam
by +1. The -1st order mode beam emitted from the radiator
310 may be reflected at the sub-reflector 330 and then
reflected at the main retlector 340 to be a Oth order mode
beam.
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A Oth order mode beam incident from the outside to the
main reflector 340 may become a 1st order mode beam after
being reflected at the main reflector 340. The 1st order mode
beam reflected at the main reflector 340 may be reflected at
the sub-retlector 330 and then incident on the receiver 320.
The second mode conversion unit 322 may reduce the OAM
mode order of the beam. For example, the second mode
conversion unit 322 may change the OAM mode order of the
beam incident on the recerver 320 by —1. The 1st order mode
beam incident on the receiver 320 may become a Oth order
mode beam after passing through the second mode conver-
sion unit 322. The transceiver can selectively demodulate
the data received from the outside by selectively detecting
the Oth order mode beam.

A portion of the —1st order mode beam emitted by the
radiator 310 may be retlected at the sub-reflector 330 and
then incident on the receiver 320. However, the beam
incident on the main reflector 340 from the outside may be
incident on the receiver 320 as a 1st order mode beam.
Therefore, orthogonality between the beams can be ensured.
The transcerver can selectively detect only the Oth order
mode beam among the beams that have passed through the
second mode conversion unit 322.

FIG. 13 1s a conceptual diagram 1llustrating a transceiver
according to a ninth embodiment of the present disclosure.

Retferring to FIG. 13, the first mode conversion unit 312
may increase the OAM mode order of the beam emitted
from the radiator 310. For example, the first mode conver-
s1on unit 312 may change the OAM mode order of the beam
by +1. The radiator 310 may emit a 1st order mode beam.

The main reflector 340 may include a first patch element
that increases the OAM mode order of the beam and a
secondary patch element that reduces the OAM mode order
of the beam. The main retlector 340 may include a plurality
of first patch elements and a plurality of second patch
clements. The first patch elements and the second patch
clements may be arranged on the reflecting surface of the
main retlector 340. The first patch elements may change the
OAM mode order of the beam by +2, and the second patch
clements may change the OAM mode order of the beam by
—1. Therefore, OAM mode orders of some of the beams
reflected at the main retlector 340 may be increased, and
OAM mode orders of the other of the beams may be
decreased.

The 1st order mode beam emitted by the radiator 310 may
be reflected at the sub-reflector 330 and then retlected at the
main reflector 340. A portion of the 1st order mode beam
may be retlected at the main reflector 340 and then become
a Oth order mode beam while the other becomes a 3rd order
mode beam. In a side of rece1ving a signal transmitted by the
transceiver, the Oth order mode beam can be selectively
detected and the data transmitted by the transceiver can be
demodulated.

A portion of the Oth order mode beam incident on the
main reflector 340 from the outside may become a —1st order
mode beam, and the other may be a 2nd order mode beam.
The second mode conversion unmt 322 of the receiver 320
may reduce the OAM mode order of the beam incident on
the recerver 320. The second mode conversion umt 322 may
change the OAM mode order of the beam by -2. Only the
2nd order mode beam among the beams incident on the
receiver 320 may become Oth order mode beams after
passing through the second mode conversion unit 322.
Therefore, the transceiver can selectively demodulate the
data received from the outside by selectively detecting the
Oth order mode beam.
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FIG. 14 1s a conceptual diagram 1llustrating a transceiver
according to a tenth embodiment of the present disclosure.
In the following description of the embodiment of FIG. 14,
description redundant with that of FIG. 13 will be omatted.

Referring to FIG. 14, the first mode conversion unit 312
may reduce the OAM mode order of the beam emitted from
the radiator 310. For example, the first mode conversion unit
312 may change the OAM mode order of the beam by -1.
The radiator 310 may emit a —1st order mode beam.

The main retlector 340 may include at least one first patch
clement that increases the OAM mode order of the beam and
at least one secondary patch element that reduces the OAM
mode order of the beam. The first patch element may change
the OAM mode order of the beam by +1, and the second
patch element may change the OAM mode order of the beam
by -2. Therefore, OAM mode orders of some of the beams
reflected at the main reflector 340 may be decreased, and
OAM mode orders of the other of the beams may be
increased.

The -1st order mode beam emitted by the radiator 310
may be retlected at the sub-retlector 330 and then reflected
at the main reflector 340. Some of the -1st order mode
beams may be reflected at the main retlector 340 and then
become Oth order mode beam while others become -3rd
order mode beams. In a side of rece1ving a signal transmaitted
by the transceiver, the Oth order mode beam can be selec-
tively detected and the data transmitted by the transceiver
can be demodulated.

A portion of the Oth order mode beam incident on the
main reflector 340 from the outside may become a 1st order
mode beam, and the other may become a -2nd order mode
beam. The second mode conversion unit 322 of the receiver
320 may increase the OAM mode order of the beam 1ncident
on the receiver 320. The second mode conversion unit 322
may change the OAM mode order of the beam by +2. Only
the —2nd order mode beam among the beams incident on the
receiver 320 may become Oth order mode beams after
passing through the second mode conversion unit 322.
Therefore, the transceiver can selectively demodulate the
data recerved from the outside by selectively detecting the
Oth order mode beam.

As described above, referring to FIGS. 13 and 14, the case
where the main reflector 340 1includes the first patch element
and the second patch element has been exemplarily
described, but the embodiment 1s not limited thereto. For
example, the sub-reflector 330 may include the first patch
clement and the second patch element.

In the above description, the cases where the transceiver
1s 1mplemented with a Cassegrain type antenna were
explained. Hereinafter, the case of implementing the trans-
ceiver with a parabolic antenna will be described.

FIG. 15 1s a conceptual diagram 1llustrating a transceiver
according to an eleventh embodiment of the present disclo-
sure.

Referring to FIG. 15, the transceiver may include a
radiator 410, a receiver 420, and a reflector 430. The radiator
410 may 1nclude a first mode conversion unit 412 and a first
beam transier unit 414. The receiver 420 may include a
second mode conversion unit 422 and a second beam
transier unit 424. The reflector 430 may face the radiator 410
and the receiver 420. The beam emitted from the radiator
410 and the beam incident on the reflector 430 from the
outside may have different OAMs after being reflected at the
reflector 430.

The first mode conversion unit 412 may increase the
OAM mode order of the beam emitted from the radiator 410.
For example, the radiator 410 may emit a 1st order mode
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beam. The reflector 430 may reduce the OAM order of the
beam reflected at the retlector 430. For example, the reflec-
tor 430 may change the OAM mode order of the beam by -1.
The 1st order mode beam emitted from the radiator 410 may
be reflected at the retlector 430 and then transmitted as a Oth
order mode beam to the outside.

A Oth order mode beam incident on the reflector 430 from
the outside may become a -1st mode beam aiter being
reflected at the reflector 430. The -1st order mode beam
reflected at the retlector 430 may be incident on the recerver
420. The second mode conversion unit 422 may increase the
OAM mode order of the beam incident on the receiver 420.
For example, the second mode conversion unit 422 may
change the OAM mode order of the beam by +1. Thus, a
—1st order mode beam incident on the receiver 420 may
become a Oth order mode beam wvia the second mode
conversion unit 422.

The beam emitted by radiator 410 may be reflected at the
reflector 430 and then become a Oth order mode beam.
Accordingly, even if a portion of the beam emitted from the
radiator 410 1s retlected at the reflector 430 and then incident
on the receiver 420, 1t may not become a Oth order mode
alter passing through the second mode conversion unit 422.
Therefore, the transceiver can selectively demodulate the
data received from the outside by selectively detecting the
Oth order mode beam. Also, interference eflects between
beams can be reduced.

FIG. 16 15 a conceptual diagram 1illustrating a transceiver
according to a twellth embodiment of the present disclosure.

Referring to FIG. 16, the first mode conversion unit 412
may reduce the OAM mode order of the beam emitted from
the radiator 410. For example, the radiator 410 may emit a
—1st order mode beam. The reflector 430 may increase the
OAM order of the beam retlected at the retlector 430. For
example, the retlector 430 may change the OAM mode order
of the beam by +1. The —1st order mode beam emitted from
the radiator 410 may be reflected at the reflector 430 and
then transmitted as a Oth order mode beam to the outside.

A Oth order mode beam incident on the reflector 430 from
the outside may become a 1st mode beam after being
reflected at the retlector 430. The 1st order mode beam
reflected at the reflector 430 may be incident on the recerver
420. The second mode conversion unit 422 may reduce the
OAM mode order of the beam incident on the receiver 420.
For example, the second mode conversion unit 422 may
change the OAM mode order of the beam by —1. Thus, a 1st
order mode beam incident on the receiver 420 may become
a Oth order mode beam via the second mode conversion unit
422.

The beam emitted by radiator 410 may be reflected at the
reflector 430 and then become a Oth order mode beam.
Accordingly, even if a portion of the beam emitted from the
radiator 410 1s reflected at the reflector 430 and then incident
on the receiver 420, it may not become a Oth order mode
alter passing through the second mode conversion unit 422.
Therefore, the transceiver can selectively demodulate the
data received from the outside by selectively detecting the
Oth order mode beam. Also, interference eflects between
beams can be reduced.

FIG. 17 1s a conceptual diagram 1llustrating a transceiver
according to a thirteenth embodiment of the present disclo-
sure.

Referring to FIG. 17, the first mode conversion unit 412
may increase the OAM mode order of the beam emuitted
from the radiator 410. For example, the radiator 410 may
emit a 1st order mode beam. The reflector 430 may include
a first patch element that increases the OAM mode order of
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the beam and a secondary patch element that reduces the
OAM mode order of the beam. Therefore, OAM mode
orders of a portion of the beams reflected at the reflector 430
may be increased, and OAM mode orders of the other of the
beams may be decreased. For example, the first patch
clement may change the OAM mode order of the beam by
+1, and the second patch element may change the OAM
mode order by -1.

A portion of the 1st order mode beams emitted by the
radiator 410 may become a Oth order mode beam after being,
reflected at the reflector 430 and the other portion may
become 2nd order mode beams after being reflected at the
reflector 430. In a side of receiving a signal transmitted by
the transceiver, the Oth order mode beam can be selectively
detected and the data transmitted by the transceiver can be
demodulated.

The second mode conversion unit 422 may reduce the
OAM mode order of the beam incident on the receiver 420.
For example, the second mode conversion unit 422 may
change the OAM mode order of the beam by —1. Therefore,
only the 1st order mode beam among the beams incident on
the receiver 420 may become the Oth order mode beam after
passing through the second mode conversion unit 422. The
transceiver can selectively demodulate the data recerved
from the outside by selectively detecting the Oth order mode
beam. The beam emitted by radiator 410 may be reflected in
reflector 430 and then become the 2nd order mode beam or
the Oth order mode beam. Therefore, interference eflect
between the beams can be reduced.

In FIG. 17, the example i which the second mode
conversion unit 422 decreases the OAM mode order of the
beam was described, but the embodiment 1s not limited
thereto.

For example, the second mode conversion unit 422 may
change the orbital angular momentum mode degree of the
beam by +1. That 1s, —1st order mode beams among the
beams reflected at the retlector 430 may be changed to the
Oth order mode beam. Since the beam emitted from the
radiator 410 1s reflected at the reflector 430 and then
becomes the 2nd order mode beam or the Oth order mode
beam, interference effect between the beams can be reduced.

FIG. 18 1s a conceptual diagram 1llustrating a transceiver
according to a fourteenth embodiment of the present disclo-
sure.

Referring to FIG. 18, the first mode conversion unit 412
may reduce the OAM mode order of the beam emitted from
the radiator 410. For example, the radiator 410 may emit a
—1st order mode beam. The reflector 430 may include a first
patch element that increases the OAM mode order of the
beam and a secondary patch element that reduces the OAM
mode order of the beam. Therefore, OAM mode orders of a
portion of the beams reflected at the retlector 430 may be
increased, and OAM mode orders of the other of the beams
may be decreased. For example, the first patch element may
change the OAM mode order of the beam by +1, and the
second patch element may change the OAM mode order by
-1.

A portion of the -1st order mode beams emitted by the
radiator 410 may become a Oth order mode beam after being
reflected at the reflector 430 and the other portion may
become -2nd order mode beams aiter being retlected at the
reflector 430. In a side of receiving a signal transmaitted by
the transceiver, the Oth order mode beam can be selectively
detected and the data transmitted by the transceiver can be
demodulated.

The second mode conversion unit 422 may increase the
OAM mode order of the beam incident on the receiver 420.
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For example, the second mode conversion unit 422 may
change the OAM mode order of the beam by +1. Therelore,
only the —1st order mode beam among the beams incident on
the receiver 420 may become the Oth order mode beam after
passing through the second mode conversion unit 422. The
transceiver can selectively demodulate the data recerved
from the outside by selectively detecting the Oth order mode
beam. The beam emitted by radiator 410 may be reflected in
reflector 430 and then become -2nd order mode beam or Oth
order mode beam. Therefore, interference eflect between the
beams can be reduced.

In FIG. 18, the example in which the second mode
conversion unit 422 increases the OAM mode order of the
beam was described, but the embodiment 1s not limited
thereto. For example, the second mode conversion unit 422
may change the orbital angular momentum mode degree of
the beam by -1. That 1s, 1st order mode beams among the
beams reflected at the reflector 430 may be changed to Oth
order mode beams. Since the beams emitted from the
radiator 410 are reflected at the retlector 430 and then
become -2nd order mode beams or Oth order mode beams,
interference eflect between the beams can be reduced.

Heremnabove, the transceivers according to the embodi-
ments of the present disclosure have been described with
reference to FIGS. 1 to 18. According to the above-described
embodiments, orthogonality between beams can be ensured
by using the OAM mode of the beams. Through this, 1n a full
duplex environment, interference eflect between the beams
emitted from the radiator and the beams received from the
outside can be remarkably reduced.

While the embodiments of the present disclosure and their
advantages have been described in detail, 1t should be
understood that various changes, substitutions and altera-
tions may be made herein without departing from the scope
of the present disclosure.

What 1s claimed 1s:

1. A transceiving apparatus comprising;:

a radiator emitting a first beam with a first orbital angular

momentum (OAM) mode;

a receiver recerving a second beam with the first OAM

mode;

a 1irst sub-reflector which 1s provided to face the radiator

and reflects the first beam emitted from the radiator;

a second sub-reflector which 1s provided to face the

recerver and reflects the second beam to the receiver:
and

a main reflector which 1s provided to face the first

sub-reflector and the second sub-reflector,

wherein an OAM mode of the first beam 1s changed from

a second OAM mode to the first OAM mode by the
radiator, the OAM mode of the first beam emitted from
the radiator 1s changed from the first OAM mode to the
second OAM mode by the first sub-reflector, the OAM
mode of the second beam 1s changed from the second
OAM mode to the first OAM mode by the second
sub-reflector, and the OAM mode of the second beam
reflected by the second sub-reflector 1s changed from
the first OAM mode to the second OAM mode by the
receiver.

2. The ftransceirving apparatus according to claim 1,
wherein the first sub-retlector decreases an order of the
OAM mode of the first beam, and the second sub-reflector
increases an order of the OAM mode of the second beam.

3. The transceirving apparatus according to claim 2,
wherein the radiator includes a first mode conversion unit
increasing the order of the OAM mode of the first beam
incident on the radiator, and the receiver includes a second
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mode conversion unit decreasing the order of the OAM
mode of the second beam incident on the receiver.

4. The transceiving apparatus according to claim 1,
wherein the first sub-reflector increases an order of the OAM
mode of the first beam, and the second sub-reflector
decreases an order of the OAM mode of the second beam.

5. The transceiving apparatus according to claim 4,
wherein the radiator includes a first mode conversion unit
decreasing the order of the OAM mode of the first beam
incident on the radiator, and the receiver includes a second
mode conversion umt increasing an the order of the OAM
mode of the second beam incident on the receiver.

6. The transceiving apparatus according to claim 1,
wherein the main reflector includes at least one first patch
clement increasing an order of the OAM mode of the first
beam reflected at the main reflector, and at least one second
patch element decreasing an order of the OAM mode of the
second beam reflected at the main retlector.

7. The transceiving apparatus according to claim 6,
wherein the first sub-reflector decreases the order of the
OAM mode of the first beam reflected at the first sub-
reflector, and the second sub-retlector increases the order of
the OAM mode of the second beam reflected at the second
sub-reflector.

8. The transceiving apparatus according to claim 6,
wherein the first sub-reflector increases the order of the
OAM mode of the first beam reflected at the first sub-
reflector, and the second sub-reflector decreases the order of
the OAM mode of the second beam reflected at the second
sub-reflector.

9. A transcelving apparatus comprising;:

a radiator which emits a first beam with a first orbaital
angular momentum (OAM) mode and includes a {first
mode conversion unit changing an (OAM) mode of the
first beam incident on the radiator;

a receiver which receives a second beam with the first
OAM mode and includes a second mode conversion
unit changing an OAM mode of the recerved the second
beam;

a sub-reflector provided to face the radiator and the
receiver and reflects the first beam emitted from the
radiator and the second beam to the receiver; and

a main reflector provided to face the sub-reflector,

wherein an OAM mode of the first beam 1s changed from
a second OAM mode to the first OAM mode by the
radiator, the OAM mode of the first beam emitted from
the radiator 1s changed from the first OAM mode to the
second OAM mode by the sub-reflector, the OAM
mode of the second beam i1s changed from the second
OAM mode to the first OAM mode by the sub-retlector,
and the OAM mode of the second beam retlected by the
sub-reflector 1s changed from the first OAM mode to
the second OAM mode by the receiver,

wherein at least one of the main reflector and the sub-
reflector changes the OAM mode of the beams so that
the second beam incident on the main reflector from an
outside of the transceiving apparatus has a different
OAM mode with the first beam emitted by the radiator
alter being reflected at the sub-reflector.

10. The transceiving apparatus according to claim 9,
wherein the first mode conversion unit increases an order of
the OAM mode of the first beam incident on the radiator, the
sub-reflector decreases an order of the OAM mode of the
first beam reflected at the sub-retlector, and the second mode
conversion unit increases an order of the OAM mode of the
second beam incident on the receiver.
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11. The transceiving apparatus according to claim 9,
wherein the first mode conversion unit decreases an order of
the OAM mode of the first beam incident on the radiator, the
sub-reflector increases an order of the OAM mode of the first
beam reflected at the sub-reflector, and the second mode
conversion unit decreases an order of the OAM mode of the
second beam incident on the receiver.

12. The transceiving apparatus according to claim 9,
wherein the first mode conversion unit increases an order of
the OAM mode of the first beam incident on the radiator, the
main reflector decreases an order of the OAM mode of the
first beam reflected at the main reflector, and the second
mode conversion unit increases an order of the OAM mode
of the second beam incident on the receiver.

13. The transceiving apparatus according to claim 9,
wherein the first mode conversion unit decreases an order of
the OAM mode of the first beam incident on the radiator, the
main reflector increases an order of the OAM mode of the
first beam reflected at the main reflector, and the second
mode conversion unit decreases an order of the OAM mode
of the second beam incident on the receiver.

14. The transceiving apparatus according to claim 9,
wherein at least one of the main reflector and the sub-
reflector 1includes at least one first patch element increasing,
an order of the OAM mode of the first beam, and at least one
second patch element decreasing an order of the OAM mode
of the second beam.

15. A transceiving apparatus comprising:

a radiator which emits a first beam with a first orbital
angular momentum (OAM) mode and includes a first
mode conversion unit changing an (OAM) mode of the
first beam i1ncident on the radiator:

a recerver which receives a second beam with the first
OAM mode and includes a second mode conversion
unit changing an OAM mode of the recerved the second
beam; and
a reflector provided to face the radiator and the receiver

and reflects the first beam emitted from the radiator
and the second beam to the receiver,

wherein an OAM mode of the first beam 1s changed from
a second OAM mode to the first OAM mode by the
radiator, the OAM mode of the first beam emitted from
the radiator 1s changed from the first OAM mode to the
second OAM mode by the reflector, the OAM mode of
the second beam 1s changed from the second OAM
mode to the first OAM mode by the reflector, and the
OAM mode of the second beam reflected by the
reflector 1s changed from the first OAM mode to the
second OAM mode by the recerver,

wherein the second beam incident on the reflector from an
outside of the transceiving apparatus has a different
OAM mode with the first beam emitted by the radiator
after being retlected at the retlector.

16. The transceiving apparatus according to claim 15,
wherein the first mode conversion unit increases an order of
the OAM mode of the first beam incident on the radiator, the
reflector decreases an order of the OAM mode of the first
beam reflected at the reflector, and the second mode con-
version unit increases an order of the OAM mode of the
second beam incident on the receiver.

17. The transceiving apparatus according to claim 135,
wherein the first mode conversion unit decreases an order of
the OAM mode of the first beam incident on the radiator, the
reflector increases an order of the OAM mode of the first
beam reflected at the reflector, and the second mode con-
version unit decreases an order of the OAM mode of the
second beam incident on the receiver.
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18. The transceiving apparatus according to claim 15,
wherein the reflector includes at least one first patch element
increasing an order of the OAM mode of the first beam
reflected at the reflector, and at least one second patch
clement decreasing an order of the OAM mode of the second 5
beam reflected at the retlector.

19. The transceiving apparatus according to claim 18,
wherein the first mode conversion unit increases the order of
the OAM mode of the first beam incident on the radiator.

20. The transceiving apparatus according to claim 18, 10
wherein the first mode conversion unit decreases the order of
the OAM mode of the first beam incident on the radiator.
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